Introduction
Soil erosion is a major environmental problem in many parts of the world, especially in terms of potential climatic and land use changes (Boardman 2006) . Although erosion control measures need to be implemented at the field or hillslope scale, allocation of scarce conservation resources and development of policies require erosion assessment at a regional (catchment to national) scale (Vrieling 2006) . The complexity of the erosion process usually allows incorporation of only the dominant contributing factors when assessed or monitored at a regional scale (Symeonakis and Drake 2004; Casalí et al. 2009; Vanmaercke et al. 2011; Parsons 2012) . These factors usually include rainfall erosivity, soil erodibility, slope steepness and slope length, crop management, and support practice (Wischmeier and Smith 1978) . The combination of existing models and remote sensing techniques within a Geographical Information System (GIS) framework is commonly utilized for erosion risk assessment. In Australia, for example, the SOILOSS model modifies the (Revised) Universal Soil Loss Equation (R)USLE (Renard et al. 1994 ) within a GIS framework according to Australian conditions (Lu et al. 2003 ).
In the U.S.A. BASINS (Better Assessment Science Integrating Point and Nonpoint
Sources) developed by the U.S. Environmental Protection Agency is interfaced within a GIS framework and allows the user to choose different internally coupled models such as SWAT (the Soil and Water Assessment Tool developed by USDA-ARS) (Arnold et al. 1998) . In Europe two standardized approaches were developed to provide comparable information on the soil erosion problem across large areas in Europe (Baade and Rekolainen 2006) . The first is based on remote sensing techniques and a simplification of the USLE interfaced in a GIS (Van der Knijff et al. 2000) . The second, namely PESERA (Pan-European Soil Erosion Risk Assessment Project) is a physically-based and spatially distributed model capable of national assessment of soil erosion in Europe by combining plant growth, runoff and sediment transport models (Kirkby et al. 2004) .
In most other countries, and particularly in developing countries such as South Africa (SA), methodological frameworks that deliver comparable results (having the same units) across large areas as a baseline for regional scale monitoring are absent.
Assessment at the regional scale is often problematic (worldwide in general but certainly in SA) due to spatial variability of the factors controlling erosion and the lack of input and validation data (Lenhart et al. 2005; De Vente and Poesen 2005; Boardman and Lorentz 2000) . These problems are coupled with the availability of a wide variety of approaches and techniques that cause measurement variability (Zhang et al. 2002) . Laker (2004) states that erosion research methodologies have become more diversified over the last few decades but the methods used and the results produced are not comparable. For example, in SA soil erosion risk assessment has been conducted in different regions at various spatial scales but each region and scale required different techniques and input data (see Le Roux et al. 2007; Dlamini et al. 2011; Mararakanye and Le Roux 2012) .
In this context, we aim at presenting a methodological framework using the most feasible erosion assessment techniques and input datasets for which sufficient spatial information exists, emphasizing simplicity required for application at a regional scale with proper incorporation of the most important factors in SA. Assessment will be limited to water erosion, as this is considered the most important form of soil erosion at a regional scale in SA (Garland et al. 2000) . Although this study establishes a methodological framework for South African conditions, it will essentially be applicable in other countries. Due to the complexity of erosion processes, regional differences and scale dependency, a single assessment technique will not be feasible (Vrieling 2006 ) and several authors state that the selection of assessment techniques should be determined by the objective of the study, the size of the area (scale), the dominant erosion processes and factors, as well as the availability of data (Boardman 2006; Van Zyl 2007 , Kirkby 2010 . In a knowledge gap analysis for erosion risk assessment in SA, Van Zyl (2007) recommends the development of a framework which allows the use of different techniques requiring readily available data, including gully erosion models/mapping and the assessment of agriculturally derived sediments. Due to limitations in understanding each erosion process and the scale at which modelling and remote sensing techniques can be applied, a multi-process and -scale approach should thus be implemented (Kirkby et al. 1996; Drake et al. 1999; Le Roux et al. 2007; Kirkby 2010) .
Materials and methods
As part of a larger project (Le Roux 2012), a multi-process and -scale approach was implemented by means of three Case Studies including: (i) sheet and rill erosion prediction at a national scale (see Le Roux et al. 2008) , (ii) factors controlling gully development in a large catchment (see Le Roux and Sumner 2012) and (iii) connectivity aspects in sediment migration modelling for a smaller research catchment (see Le Roux et al. 2013) . Figure 1 illustrates the location of the three study sites and a summary of the methodology followed in these Case Studies is given below. A detailed validation or comparison of different models is not provided here but validation of results against measured data and field observations is described in the three Case Studies cited above with further details available in Le Roux (2012). 
Case Study I: Erosion prediction at a national scale, emphasizing sheet-rill erosion
The first Case Study (Le Roux et al. 2008 ) was based on the principles and components of the (Revised) Universal Soil Loss Equation (R)USLE (Renard et al. 1994) . A simplified version of the (R)USLE that combines sufficient simplicity for application on a national scale with a comprehensive incorporation of the main soil erosion factors including rainfall erosivity, soil erodibility, topography and vegetation cover management was applied. Factors were improved over earlier assessments by feeding available data into advanced algorithms (Le Roux et al. 2008 were mapped, eleven factors were integrated into a geographical information system including topographical variables, parent material-soil associations and land use-cover interactions. In order to determine factor dominance, these were utilized in a zonal approach which associated gully factor dominance with the extent of gully erosion within a respective area. The study postulated that a zonal approach is more appropriate than correlation analyses generally utilized in erosion studies. Multiple regression models, for example, tend to suffer from a limited sample design, subjectivity during factor rating, and a large percentage of variability is usually unexplained (Kheir et al. 2007) . Factors leading to the development of gullies in this part of SA are gentle footslopes in zones of saturation along drainage paths with a large contributing area, erodible duplex soils derived from mudstones, and poor vegetation cover due to overgrazing (Le Roux and between continuous gullies and discontinuous gullies. These differences and the input factor and gully location maps are provided in Le Roux and Sumner (2012) (Arnold et al. 1998 ) was selected mainly because it is a spatially semi-distributed model that has gained international acceptance and has been applied to support various large catchment modelling studies across the world with minimal or no calibration effort (e.g. Srinivasan et al., 2010) . The foundational strength of SWAT is that it considers most connectivity aspects into one simulation package, including factors controlling upland sediment generation, channel transport and deposition into sinks (Gassman et al. 2007) .
Furthermore, SWAT is routinely coupled with geographical information systems which, according to Chen and Mackay (2004) The above three Case Studies assisted in the establishment of a proposed methodological framework for soil erosion risk assessment in SA. The case studies utilized universally applied techniques, derived input parameter values within a GIS framework and provided information on factor dominance and scale issues.
Results and discussion: Methodological framework
For each of the three Case Studies, information is presented in the form of a methodological framework ( Figure 2 ) encompassing different techniques and data to describe the main contributing factors and areas at risk. The framework outlines the most feasible erosion assessment techniques and input datasets for which there is sufficient spatial information, emphasizing simplicity required for application at a regional scale with proper incorporation of the most important factors. The framework should not be interpreted as a single assessment technique but rather as an approach that guides the selection of appropriate techniques and datasets according to the modelled complexity of the erosion processes and scale dependency. In order to provide a comprehensive overview of the erosion risk, the framework illustrates that three hierarchical levels need to be included. As -upslope contributing area; C -Vegetation cover factor; DEM -digital elevation model; EI30 -Rainfall erosivity index; Flow accum. -flow accumulation; HRUs -hydrological response units; LS -topography factor or sediment transport capacity index; K -soil erodibility factor; MODIS -Moderate Resolution Imaging Spectroradiometer; NLC -National land cover; prop. -properties; R -rainfall erosivity factor; SPOT 5 -Syste`me Pour l'Observation de la Terre; Stratigr./Litho. -stratigraphic/lithologic; SWAT -Soil and Water Assessment Tool; TSAVI -Transformed Soil Adjusted Vegetation Index; TUs -terrain units; TWi -Topographic wetness index; Yr -year.
Figure 1 footnotes:
1.1 Combining the R-K-and LS-factors, and excluding the C-factor, provides the potential water erosion map of SA and represents the inherent susceptibility of the soil to erosion, irrespective of vegetation cover. 2.1 After quantifying the influence of factors in gully development, the identification of vegetated gully-free areas susceptible to gully development can be achieved by means of overlay analysis. 2.2 Each gully factor layer was categorized into 5 expert-based rankings or classes that, according to observations, uniquely influence gully development; due to the spatially thematic configuration of the gully factor layers it was decided to determine the proportion that each of the 5 classes are affected by gully erosion. 2.3 Although gully initiation occurs when certain rainfall and subsequent runoff thresholds are exceeded, this factor was not integrated in this analysis because threshold data were not available and the rainfall itself does not vary substantially in the central gullied part of the catchment. 2.4 Gully erosion rates can be modelled for representative test gullies and the results averaged over the areas of active gully erosion. 3.1 In order to create a final catchment overview of sediment migration downstream and associated connectivity aspects, the current study performed four scenarios: removal and expansion of the identified sediment source (cabbage plot) were performed to establish the extent that sediment outputs create input for downstream sub-catchments; whereas removal of the sediment sinks (9 farm dams and 5 wetlands) were performed to establish their impact on connectivity downstream. 3.2 Calibration should be achieved by adjusting the most sensitive model parameters. For example, the hydrological component can be calibrated by modifying the curve number and base-flow coefficients, whereas the erosion component can be calibrated by adjusting the soil erodibility and support management factors. Model performance can be improved by sequentially optimizing the widely used coefficient of efficiency of Nash and Sutcliffe (1970) , as well as the coefficient of determination (r 2 ). As a measure of goodness-of-fit between simulated and observed loads, a simple per cent deviation method of Martinec and Rango (1989) can be used. 3.3 The overlay of land cover and soil maps creates hydrological response units (HRUs); portions of a sub-catchment that possess unique land use and soil attributes. Discretisation should be done to keep the number of HRUs down to a reasonable number, while considering the diversity and sensitivity of land cover and soil combinations. 3.4 Flow paths should represent all the relevant tributaries of the main river, whereas the unit links or subcatchment outlets should spatially overlay with the flow monitoring points for calibration of model simulations with field measurements. In addition, channel erosion parameters can only be set to default representing non-erosive channels to eliminate channel erosion in simulations when all or most sediment is generated from agricultural fields. 3.5 The plant growth component of SWAT is a simplified version of the EPIC plant growth model (Sharpley and Williams, 1990) , where phenological plant development is based on daily accumulated heat units developed by Monteith (1977) and biomass is inhibited by temperature, water or nutrient stress. 3.6. Although the importance of plot and hillslope scales is acknowledged (see for example Kakembo et al., 2012) , it is not considered in the methodological framework.
Hierarchical levels with increasing technique and data requirements
Three hierarchical levels for erosion risk assessment in SA, with increasing technique and data requirements, are illustrated in Figure 2 . The first level allows for assessment of the spatial distribution of erosion risk and contributing factors at a national scale, emphasizing the sheet-rill aspects of the erosion process (Case Study i). This level should be followed by a second level that allows for assessment of the spatial distribution of gully erosion and contributing factors at a large catchment scale (Case Study ii). These levels provide no information about where material moves to or about connectivity between source and sink. A third level thus allows for assessment of sediment migration and associated connectivity aspects at a smaller/research catchment scale, including the influence of identified source and sink zones (Case Study iii).
Assessment techniques requirements and data demands increase with progression through the first to third level.
In terms of remote sensing techniques, more sophisticated and/or timeconsuming procedures are required at the second and third levels than the first level. In terms of modelling techniques, at the catchment scale more complex models are required to simulate sediment migration than assessment of the spatial distribution of the erosion risk at a national scale. The main reason is that sediment migration is the integrated result of all erosion processes operating in a catchment (Vanmaercke et al. 2011; Parsons 2012 ). Semi-distributed or semi-lumped models are often preferred above lumped models and fully-distributed or physically-based models, since the application of the former do not take connectivity aspects into account whereas the latter lead to additional errors and uncertainty resulting from more parameters and input data requirements in large catchments (Lenhart et al. 2005) . In addition to assessment techniques, Figure 2 also indicates regional datasets which are available for different erosion processes and contributing factors.
Similar to the assessment techniques, data requirements increase with progression through the first to third level. More data are generally needed to simulate sediment migration at the catchment scale than erosion risk assessment and contributing factors at a national scale. According to Lenhart et al. (2005) , this is the main reason sediment migration modelling has been restricted to applications in relatively small catchments for which high-resolution data are available. A major limitation in the use of continuous time models such as SWAT in developing countries is the lack of recorded flow and sediment data for calibration and validation (Boardman 2006; Van Zyl 2007) . In order to make the framework illustrated in Figure 2 more descriptive, important differences in technique and data requirements between national and catchment scale as well as the requirements for different processes, are highlighted.
Comparison between scales
Here, the term catchment scale refers to both the large catchment and the smaller research catchment utilized in Case studies ii and iii respectively. Figure 2 illustrates that assessment of erosion risk at a national scale requires at least four main types of spatial input datasets including long term daily rainfall, soil data, digital elevation models and vegetation cover. These datasets are linked to a GIS and fed into algorithms to create soil erosion factor maps including rainfall erosivity, soil erodibility, topography and cover management factor maps. The mathematical product of these factor maps generates the soil erosion risk map, also referred to as the Water Erosion Prediction Map of SA in Case Study i.
gully erosion. Figure 2 shows that gully erosion mapping requires imagery with high spatial resolution, followed by the use of nine spatial input datasets to assess factor dominance. In order to assess factor dominance, the input datasets are integrated in a GIS to create eleven gully factor maps including topographical variables, parent material-soil associations and land use-cover interactions. Input data and assessment technique requirements for gully assessment at the catchment scale essentially double when compared to requirements for national scale risk assessment. The main reason is assessment at a national scale does not purposefully target specific erosion processes but 'merges' them in a simplified empirical model, also referred to as a semi-quantitative model (De Vente and Poesen 2005) . Although the RUSLE model applied in this study emphasizes the sheet-rill aspects of the erosion cycle by design, field observations indicate that most areas modelled as eroded on the risk map are recorded as having combinations of sheet-rill and gully erosion. In contrast, gully erosion risk assessment is explicitly aimed at separating gullies from other erosion processes, thereby accounting for the complexity associated with gully processes and contributing factors. Therefore, proper gully erosion risk assessment at a catchment scale generally involves more complex mapping and modelling techniques than soil erosion risk assessment at a national scale.
In addition to gully erosion, catchment scale assessment ideally/usually requires estimation of the migration of sediment from source to sinks (Parsons 2012) . Modelling the migration of sediment (level 3) at the catchment scale requires quantitative hydrological data including water balance in the soil profile, hydrological structures and land management operations. The main reason is that sediment migration is the integrated result of all erosion processes operating in a catchment (Vanmaercke et al. 2011; Parsons 2012 ). Subsequently, assessment of sediment migration in catchments with gullies should not only include techniques and data described in level 3, but also the techniques and data described in level 2 or more. Since data and technique requirements increase with progression through the first to third level, it is possible to apply the data and techniques of level 1 (national scale) at level 2 and 3 (catchment scale), but not the other way around simply due to the lack of data at a national scale and/or for most non-research catchments.
Important considerations and scale issues
This section describes some important considerations and scale issues of the dominant factors in order to guide and facilitate standardization of future regional assessment efforts in SA and other countries where standardized methodological frameworks are absent. The scale issues referred to here relate mainly to changes in the methods or resolution used for data collection in the three Case Studies and not to those concerning upscaling or downscaling of erosion processes. The main factors contributing to sediment generation and migration at a regional scale include rainfall, parent materialsoil associations, topographic-drainage-network variables, and land use-cover interactions.
Rainfall
Sediment generation and transport largely depends on rainfall duration and intensity (Bracken and Croke 2007) . Unfortunately, rainfall intensity data are usually incomplete and/or have short recorded periods at a regional scale particularly in developing countries. As explained by Le Roux et al. (2008) in Case Study i, the best alternative is to use daily rainfall data in empirical relationships between rainfall intensity data and daily rainfall amount. Care needs to be taken to insure that the rainfall erosivity algorithms used are not solely a function of rainfall amount. Irrespective of the rainfall amount, winter rainfall produced by frontal activity is less erosive compared to thunderstorms associated with convection during summer in SA. Laker (2004) also states that the episodic nature of rainfall in SA can exercise a strong control on soil loss rates. Vegetation cover is severely denuded during prolonged droughts, leaving the bare soil exposed to torrential rains that often follow (Snyman 1999 and their interactions that affect soil erodibility are many and varied, most models focus on topsoil properties such as texture and structure. Coarse textured soils with a strong structure (fine granular) render the soil resistant to detachment and have low erodibility values, whereas fine textured soils with low-density aggregates (blocky, platy or massive structure) are carried more easily by overland flow and have high erodibility values.
Some properties that influence soil erodibility in SA, however, do not feature in (R)USLE type models. Therefore, in all three Case Studies a modified version of the Soil Loss Estimator of Southern Africa (SLEMSA) model was used as a guide to the assignment of (R)USLE soil erodibility factors to the land types of SA (Land Type Survey Staff 1972 -2008 . SLEMSA was chosen because it was developed for use in southern Africa and particularly for the manner in which topsoil and subsoil structure are incorporated (see Le Roux 2012). Nevertheless, some of the most important hydraulic (available water capacity and saturated hydraulic conductivity) and chemical (organic matter content, free iron oxides, Mg:Ca ratios, sodium exchangeability and clay mineralogy) parameters could not be quantified or modelled in any of the three Case Studies due to the limited range of descriptive soil information available at a regional scale. Soil dispersivity is probably the most important soil property that could, hitherto, not be analyzed at a regional scale because differences are too large between soil types. For example, relationships between sodium exchangeability and crusting are region specific and threshold values can only be drawn if they are determined separately for different groups of soils with similar clay mineralogy and/or geology (see Bloem and Laker 1994; Bühmann et al. 1996) .
Several authors state the importance of parent material in terms of soil erodibility (e.g. Watson and Ramokgopa 1997; Laker 2004) . However, eroded soils do not always, or simply, correlate spatially with weak underlying geology (see Case Study ii by Le Roux and Sumner 2012). The most probable reason for the latter discrepancy is that quantification of factor dominance is complicated by the relatively large spatial extent of stratigraphic polygons (aggregated geological types) as described by the Council for Geoscience (2007) in SA; not because of the lack of geological variability as indicated in several other studies (Verbist et al. 2010) . Another reason that gullied soils do not always, or simply, correlate spatially with weak underlying geology is that gully development is enhanced by other factors.
Topographic-drainage-network variables represent the movement of runoff and sediment downslope from hydrologically active areas to stream channels and further downstream. Most studies agree that topographical parameters should be determined from fine resolution digital elevation models (DEMs) (e.g. <30 m) resulting in computed topographic surfaces with less variance and uncertainty than coarse resolution DEMs (>30 m) (see e.g. De Vente et al.
2009
). Coarse DEMs tend to have a "smoothing" effect on computed topographic surfaces. High altitude areas are lower whereas low altitude areas are higher and short steep slopes tend to disappear, reducing the resultant slope estimate and causing higher model connectivity (Zhang et al. 2002; Verstraeten 2006; De Vente et al. 2009 ).
The finest resolution DEM used in all three Case Studies available in SA at a national scale is a DEM interpolated from contour data by GISCOE (2001) with a grid cell size of 20 m. However, when using this DEM, users should be cautious of artificial pits or sinks in flat areas because the DEM is not hydrologically corrected such as the improved, but still coarse, Shuttle Radar Topography Mission (SRTM) DEM at 90 m resolution (Weepener et al. 2011) .
Once a DEM has been acquired, automated procedures are required to determine topographical variables for complex terrain at a regional scale. Extraction of stream networks or flow path lines in the Case Studies were conducted by algorithms that accumulate the contributing area upslope of each pixel through a network of cell-tocell drainage paths (Gallant and Wilson 2000) . Combined flow algorithms are recommended since they simulate more realistic flow networks by combining multiple and single flow procedures to represent flow dispersion in upland areas, as well as channel convergence further downslope respectively. Besides flow algorithms, a variety of models connect sediment sources with the river channel and further downstream (Lenhart et al. 2005) . Case Study iii used the SWAT model, a semi-distributed or semi-lumped model that partition the catchment of interest into homogeneous morphological units allowing to certain extents the spatial variation to be accounted for (see also Lenhart et al. 2005; Gassman et al. 2007 ). When using semi-distributed models, however, care is needed in selecting unit sizes so that spatially aggregated areas adequately represent the spatial variability in the catchment.
Importantly, the flow paths should represent all the relevant tributaries of the main river, whereas the unit links or sub-catchment outlets should spatially overlay with the flow monitoring points for calibration of model simulations with field measurements. Channels should be subdivided into segments with unique geometric (slope, length and width) and roughness (e.g. Manning's roughness coefficient) properties (Chen and Mackay 2004) .
Stream channel processes and hydrological structures also need to be characterised, allowing deposition of excess sediment depending on the carrying capacity and/or sediment storages where connectivity is reduced ( (Renard et al. 1994; Gallant and Wilson 2000) .
However, optimum values depend on local conditions and the use of reference parameter values over large areas may lead to errors. (R)USLE based studies tend to overestimate erosion rates in areas with steep terrain, for example along the escarpment in SA (Le Roux et al., 2008) , especially since (R)USLE was developed in the US where topographic features are considered to be a dominant factor (Laker 2004 ).
Land use-cover interactions
It is generally agreed that land use and vegetation cover interactions are the overriding factor. Vegetation indexes such as the NDVI are an important source of information for vegetation cover at a regional scale. However, as explained by Le Roux et al. (2008) in Case Study i, NDVI data are sometimes inaccurate due to the effect of soil reflectance and the sensitivity to vitality of the vegetation. It is thus recommended imagery be used that depicts conditions for which differentiation is easily obtained between green vegetation and bare soil, as opposed to dry vegetation which is more difficult to detect. It is also recommended that soil adjusted vegetation indices such as the Transformed Soil Adjusted Vegetation Index (TSAVI) be used. TSAVI leads to a significant reduction of the soil effects for areas of sparse vegetation or bare soil (see Case Study ii by Le Roux and Sumner 2012; Flügel et al. 2003) . Nevertheless, soil adjusted indices have difficulty in accounting for spatially variable soil types, especially at a regional scale.
Apart from the canopy cover, ground cover is not always represented in remotely sensed data. As explained by Le Roux et al. (2008) in Case Study i, the fractional vegetation cover for savanna in northern Limpopo and the Northern Cape remain questionable due to the dense tree canopy concealing the poor ground cover when monitored by satellite. Arid area ground cover is frequently less than its projected vegetation crown cover, which is not always protective against erosion.
In terms of spatial scale, results depend on the grid-cell resolution since land use and vegetation parameters are carried out in a grid-based system (Zhang et al. 2002) .
Coarse resolution grids reduce predicted erosion due to bare soil areas being incorrectly 
Conclusions and recommendations
The combination of existing erosion models and remote sensing techniques within a Geographical Information System framework is commonly utilized for erosion risk assessment. SOILOSS (Lu et al. 2003) , BASINS (US EPA) and PESERA (Kirkby et al., 2004) are standardized approaches that assess the soil erosion problem according to conditions in Australia, the U.S.A. and Europe respectively. In most countries, however, especially in developing countries such as South Africa (SA), there is still an absence of standardized methodological frameworks that deliver comparable results across large areas as a baseline for regional scale monitoring. Since there are limitations to understanding each erosion process and scale at which assessment techniques can be applied (Drake et al. 1999) , a multi-process and -scale approach was implemented using different techniques and data in order to assess different soil erosion processes and contributing factors. As part of a larger project, this was achieved by means of three et al. 2013) . These Case Studies assisted in the establishment of the methodological framework (see simplified version in Figure 3 ) that illustrates the most feasible erosion assessment techniques and input datasets for which sufficient spatial information exists, and emphasizes simplicity required for application at a regional scale with proper incorporation of the most important factors. In order to provide a comprehensive overview of erosion risk, the framework illustrates that three hierarchical levels need to be implemented. The first level allows for the assessment of the spatial distribution of erosion risk and contributing factors at a national scale, emphasizing the sheet-rill aspects of the erosion process. This level should be followed by a second level that allows assessment of the spatial distribution of gully erosion and contributing factors at a large catchment scale. A third level allows for assessment of sediment migration and associated connectivity aspects at a smaller/research catchment scale, including the influence of identified source and sink zones. The studies of Kirkby et al. (1996) and Drake et al. (1999) also suggested a hierarchical approach with three levels, although using different techniques at different scales compared to this study. Kirkby et al. (1996) assessed slope-scale water redistribution (first level), infiltration and vegetation interactions (second level), and soil aggregation (third level) in southeast Spain. Drake et al. (1999) conducted global scale modelling (first level), catchment scale modelling for the Walia catchment in Mali (second level), and proposed local scale assessment (third level) for areas that are identified as having accelerating erosion. Similar to the above-mentioned studies, nevertheless, the assessment techniques and data requirements used in this study increase with progression through the first to third level.
Further refinement of soil erosion risk assessment will be possible given additional research, including the following.
• It is recommended to consider all sediment yielding processes and assess the sediment supply from each.
• According to Van Zyl (2007) , the ability to account for sediment supply from gullies will be an important feature in catchments with gullies as the predominant source of sediment.
• Gully erosion rates can be modelled for representative test gullies and the results averaged over the areas of active gully erosion (Flügel et al. 2003 ).
• Multi-temporal analysis should be used to investigate the effect of land use history and vegetation conditions (e.g. Kakembo et al. 2009; Kakembo et al. 2012 ) and can also be used to account for the interaction between vegetation growth and rainfall (Lu et al. 2003) .
• A further example where multi-temporal analysis is required is to distinguish between active and passive erosion features.
• Finally, there is a need for datasets comprising spatially distributed data of recorded flow and sedimentation, especially for calibration and validation.
Despite the questionable reliability and associated uncertainties of data and subsequent modelled outputs, the methodological framework presented here provides descriptions of the contributing factors for standardized definition of the soil erosion risk in South Africa. Although this study establishes and proposes a methodological framework for South African conditions, it is essentially applicable in other countries. In conclusion, the framework outlines the techniques that should be used and the data that are available to identify areas at risk. It is envisaged this framework for water erosion risk assessment will be useful to guide and standardize future regional assessment efforts, including monitoring the effects of land use and climate change on erosion risk.
